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Abstract 
Project-based learning is widely used in various academic fields. Nevertheless, software engineering projects have a special 
statute due to their interdisciplinary features. Unlike other academic disciplines, software engineering requires knowledge from 
diverse engineering areas, but also from system modeling and design, business domain, communication. In order to maximize the 
learning benefits and to facilitate obtaining successful projects, the teacher has to be actively involved in all the phases of the 
project life cycle, including team formation. This article presents a new application which implements the collaborative learning 
paradigm through project-based learning in software engineering. The model automates the process of optimal grouping of 
students in teams based on a skill inventory created by the teacher. The collected answers related to students’ skills will help the 
teacher to built the most equilibrate groups in one’s class. The grouping is made taking into account various criteria. Once groups 
are formed, students can collaborate by chatting in the project’s forum or by attaching additional files to their project. Preliminary 
results are provided and discussed in the context of various groupware tools.   
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Scientific Committee of EPC-TKS 2015. 
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1. Introduction 
Project-based learning (PBL) is not a new teaching method (Blumenfeld, Soloway, Marx, Krajcik, Guzdial & 
Palincsar, 1991). Its benefits are well-known and unanimously acknowledged: it increases the learners’ motivation; 
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it improves the learning retention rate; it increases the learning outcomes, due to the fact that the students are 
engaged in enhanced collaborative activities; it prepares students for real work environments (Spoelstra, van 
Rosmalen, Houtmans, & Sloep, 2015).  In the same time, nowadays, when we speak about education, we also speak 
about new learning paradigms, e.g. collaborative learning, student-centered learning, community-based learning 
(Dascalu, Moldoveanu, & Shudayfat, 2014) and extensive use of technology on daily educational processes. 
Consequently,  it  is  normal  that  PBL  to  be  enhanced  by  software  tools,  such  as  groupware  and  to  be  used  in  
collaborative e-environments. When one considers the classical classroom and the traditional students, whether they 
are children, young adults or adults in their own right, when confronted with PBL, they still perceive it as a 
challenge. In virtual environments or blended environments, the challenge is even bigger. 
The current paper discusses the team formation issue in the context of PBL, how this issue can be solved with 
groupware and, finally, it proposes a new software application, GrooPro, specialised for PBL in engineering 
projects, but easily customizable for other academic disciplines as well. 
2. Project-based learning and team formation 
Becoming a team in the context of project based learning can be a tough challenge for some learning facilitators 
to conduct and for some learners to implement (Problem Based Learning, 2014). One of the most difficult steps in 
beginning the process of forming groups, which later on can become teams, in project based learning, is teaching the 
delegates to organize themselves (National Academy Foundation, 2014). Following that difficult first moment, when 
delegates are told to form teams (or groups), as they are about to study or practice together, two things can happen: 
either a leader emerges and facilitates the team formation, by assigning roles and responsibilities and smoothing the 
way for the participants to take a task in the learning project and carry it out or, as it is usually the case, the 
facilitator will closely work with each group until they find the balance and identify which activities are needed to 
complete their learning project together and then monitors the process, as it goes on. In academic contexts, the 
delegates are the students and the facilitator is the teacher. Team formation in project based learning is most difficult 
in the beginning of a learning journey. For short-term classes, it can be challenging when the delegates do not know 
one another, which is why the facilitator’s art is to establish a safe and learning-friendly environment. For long-term 
classes, such as traditional education in schools, high-schools and universities, the aspect of team formation is 
perceived as a challenge in the beginning, while later on, it can be seen as an advantage for work-sharing among the 
team members. 
As all processes, team formation in project-based learning follows a strict path, more or less lengthy, that was 
first identified by Bruce Tuckman in 1965, made up of four initial stages: (1) forming, when the group comes 
together for the purpose established by the facilitator; (2) storming, when the group member egos challenge the 
perceived state of affairs, so that a leader can emerge and the project can go forward; (3) norming, when the group 
has set the “work procedures” in place and is no longer fighting; (4) performing, when the group is actually working 
as a team, so as to achieve the learning purpose they were assigned. In 1970, after project management became a 
current occurrence in solving different issues, Tuckman added the fifth stage to his model, which is adjourning. This 
is closely connected to the idea that projects are temporary organizations developed for the achievement of a 
specific purpose. Therefore, the team that implemented the project is only a temporary team, so this stage is when 
the team members each leave the project, with their lessons learnt and with new experiences to carry on. The 
Forming-Storming-Norming-Performing theory is an elegant and helpful explanation of team development and 
behavior. Similarities can be seen with other models, such as Tannenbaum and Schmidt Continuum and especially 
with Hersey and Blanchard's Situational Leadership model (Bruce Tuckman's 1965 Forming Storming Norming 
Performing team-development model, 2014). 
The difference between team and group is that teams are heavily oriented towards “performance, commitment, 
and outcomes”, while groups might follow a vague list of classroom norms, talk, share some insights and such. High 
performance teams operate by an explicit ethic of service to others, listening, attentiveness, and shared leadership, 
which are all requirements to turning out the highest quality product based on team effort (Markham, 2011). The 
typical steps a facilitator makes to address the formation of groups, which later on become teams, are: 
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x  Developing standards and rules for team work; 
x  Defining the outcome and the quality required; 
x  Make the distinction between groups and teams; 
x  Help the delegates focus on the core element that distinguishes a group from a team: the commitment to 
each other's success. 
Following that, a good way to make sure that teams actually work, except for the monitoring and follow-up until 
the project deadline, one can ensure better functioning by encouraging the team members to get to know each other, 
hang out together and understand how they complement each other. For that, groupware which facilitates 
communication between learning groups are a solution to transform learning groups into real project teams. 
3. Groupware to support project-based learning 
Nowadays, educators benefit from a wide range of online tools which can be efficiently used to maximize the 
process of teaching. In the following section we will discuss about software tools that can support project-based 
learning. The criteria of comparing the chosen systems are: the usability and the features related to collaborative 
studying. Although when talking about engineering projects, suits of tools are also used (e.g. Google Apps for 
Education, code hosting applications - https://bitbucket.org/, https://github.com/, file sharing applications - 
https://www.dropbox.com/, https://drive.google.com),the well-known Learning Management Systems (LMS), like 
Moodle, Sakai, The eSSential LMS or Blackboard, can still provide a holistic solution to support modern education.   
Moodle (https://moodle.org/) is one of the best learning platforms which provides educational institutions the 
possibility to create customizable learning environments. It is designed to support both teaching and learning. From 
the course developments and management perspective, Moodle offers 14 kind of activities: assignment, chat, choice, 
database, external tools, feedback, forum, glossary, lesson, quiz, survey, wiki and workshop, but also allows other 
activities to be developed as contributed code (Rezgui, Mhiri, & Ghédira, 2014). One important thing to be 
discussed is the grouping system of this platform. On the course level one can assign the student to one or more 
groups, for which the professor can add an activity. It also allows the regrouping in small teams and teachers can 
assign them different tasks. On the other hand, Moodle does not provide any information about the students’ profiles 
when coming to grouping. It is hard for a professor to choose the right persons for a certain activity. From the point 
of view of the usability, this platform can be easily accessed across different browsers and devices. Nevertheless, the 
user interface is not so intuitive and at the first attempt one can get confused.  
Sakai (https://sakaiproject.org/) is used in academic institutions, commercial, governmental organizations, 
political parties, hospitals and other. These institutions work together to develop a common collaborative learning 
environment. As well as Moodle, Sakai is a free educational software platform. Sakai project encourages learning 
that is grounded in collaboration, co-creating and open sharing knowledge. Each institution can customize its site, 
and for instructors this platform provides a wide range of personalizing and incorporating new tools to their courses. 
The most used features of this software in the educational area are: assignments, calendar, chat, discussion forum, 
drop box, grade book, news, syllabus, wiki, lessons, resources, test, quizzes, polls and many others. Additionally it 
has also group tools for the purpose of communication, grading, permissions, assessments etc (Cleary, & Marcus-
Quinn, 2008). For a group the following tools are available: announcements, assignments, private messages, mail 
tool, resources and schedule. Even though Sakai is a powerful platform, there is no module for grouping students 
having the same interests or having particular skills needed. In general, the interface is user friendly and very 
intuitive. The flow of the application seems nice and can be used successfully from small to large institutions. 
The eSSential LMS is developed by eLogic Learning (http://elogiclearning.com/) and it is not just a web based 
software application, it is a more. The eLogic Learning company provides strategy, design and implementation of 
training and development of products and services. It provides custom made games, videos, animations, m-learning 
and e-learning services for their clients.  The eSSential LMS is fully customizable; one can tailor the front end with 
different menus, widgets, content and workflow. The front end user experience looks very natural. All the 
commands are very clear to operate with. What is more important is the grouping tool offered by this LMS. One can 
add a member to a group just by searching its name or by applying more complicated searching criteria. One can 
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search persons which were enrolled to a specific course and passed it or failed it or they are still learning and so on. 
In other words, eSSential is a better LMS for group formation and collaborative learning, having more criteria to 
choose the persons with similar objectives to form a future project team. 
Blackboard Learning System (www.blackboard.com/) is a web-based application which provides course 
management, personalized architecture, and a scalable design. What is more to be known at this system is that it 
encourages completely online courses with few or no face-to-face meetings. All of that are done by using all the 
features provided by Blackboard. Moreover, besides the list of activities that can be executed, there is also the 
Blackboard Collaborate module providing the teaching the possibility to see the activity indicators from each 
student. In this way the professor can see who is behind, which one has question, who is confused and can adapt the 
course on the fly. This tool feels very interactive and it is very intuitive to handle it (Liaw, 2008). On the other hand, 
when coming to grouping, this LMS offers only three possibilities: manually introduce students, let them enrol or 
randomly choose them. Like the other 3 systems it also has: a group blog, collaboration tools, group discussion 
board, file exchange, group journal, group task, group wiki. So a drawback of this tool is about the way one can 
group students; there are no criteria to be chosen (like in eSSential) or other facts that could help the professor to 
group wisely the students. 
4. GrooPro, a group maker tool for project based learning 
As a consequence of analyzing existent LMS (see previous section) and based on the didactical experience 
gained at University Politehnica of Bucharest, at the disciplines Software Engineering and Systems Engineering, we 
considered that they don’t provide enough support for project-based learning when considering engineering 
disciplines. Therefore, GrooPro application was created.   
GrooPro is an information system which implements the collaborative learning paradigm through project-based 
learning. Compared to individual learning, collaborative learning leads to an improvement of learning outcomes 
(Hsiung, 2010; Dascalu, Bodea, Moldoveanu, Mohora, Lytras, & Ordoñez de Pablos, 2015; Dascalu, Bodea, Lytras, 
Ordoñez de Pablos, & Burlacu, 2014). Naturally, collaborative learning can only occur when learners operate in 
teams, which can be defined as “a group of people working together on a well-defined task or set of tasks” (Ounnas, 
2007).  After finishing a project, students remember what they have learnt and are able to deal with similar 
situations in real life. Also by using project-based learning, teachers can build stronger relationships with and 
between their students and also improve their organizational, management and coaching skills. 
 The application was developed using Java technologies and it is a web based platform that can be accessed also 
from mobiles, due to its responsive design. 
4.1. Functional description and technical challenges 
GrooPro provides a tool which automates the process of optimal grouping of students/trainees based on a skill 
inventory created by the teacher/trainer.  The grouping is made taking into account various criteria, e.g.: grouping 
the best students in the same team, building equilibrated teams from the competences point of view, optimizing the 
learners’ objectives and needs by exploiting recommender algorithms. These criteria are offered by the system and 
selected by the teacher. In the same team, in order to facilitate the collaboration within a group of students who 
implement the same project, personalized forums and recommendation for educational references/tools are made. 
The typical workflow within GrooPro from the student’s point of view is further described: if a student picks up a 
domain, then a list with the classes available in that domain is presented like in Fig. 1 -a. If the student is already 
enrolled to one of the classes then the corresponding class will be in a green panel, if there is a new class that the 
student wants to attend and clicks on it, then the questionnaire in Fig. 1 - b pops up asking for some skills; this will 
help the teacher to collect all the data from all the students participating at this class. The questionnaire is made by 
the professor, collecting the skills needed for all the projects in that class. Also, the templates for the questionnaire 
are saved and can be re-used. 
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In  Fig.2  the  project  page  for  one  class  (seen  from  the  point  of  view  of  the  student)  is  presented.  As  one  can  
notice, each project has a description, each student can attach files and also discuss with the other members of the 
team. 
Fig. 1. (a) Classes available in a GrooPro domain; (b) Skills’ questionnaire in GrooPro 
Fig. 2. A project page in GrooPro
From the teacher’s point of view, the following functionalities are available: create a domain, create classes 
within a specific domain, create templates for skills’ questionnaires, use an existing template, create projects within 
a class, group students into projects’ teams, taking into account their skills (after the students fill in the 
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questionnaires). This grouping can be done automatically- by applying a heuristic algorithm based on Particle 
Swarm Optimization (Dascalu, Bodea, Lytras, Ordoñez de Pablos, & Burlacu, 2014), manually - by drag-and-drop 
students into specific projects’ teams or semi-automatically - by improving manually the results recommended by 
the heuristic algorithm. 
The main technical challenge of implementing GrooPro was the algorithm of grouping the members of a project. 
Each project requires persons with different skills and also the number of students can vary from project to project. 
This algorithm only informs the professor about the possible candidate for the project, so the professor can distribute 
the students as he/she wants. Once students are assigned to projects, if the professor changes his mind he/she has the 
ability to rearrange the teams. The GrooPro application was written using Java on J2EE (Java 2 Platform, Enterprise 
Edition) in NetBeans IDE 8.0.2. 
4.2. Benefits for using GrooPro 
In order to see the if  students go along with GrooPro, the platform was tested by a group of 28 students at  the 
Faculty of Engineering in Foreign Languages, during their Systems Engineering Discipline, in the 1st semester  of  
2014-2015 academic year. Their feedback was a positive one, finding this application easy to use and an efficient 
and time saving tool for grouping. They were pleased by the forum provided for each project and also about the 
reviews given by their colleagues. Compared to the last year group, who used Google Docs and Moodle to organize 
and work in projects, the group from this year provided better feedback at the end of the course, as GrooPro is more 
intuitive than Moodle and offers all the information related to a project in an integrated manner, functionality that 
can’t be offered by Google Docs. 
5. Conclusions and future work 
GrooPro could be considered a good platform for collaborative project-based learning. It is not the only one, as 
one could see in the current paper, but it comes with the future of a “smart” grouping that facilitates the professors’ 
needs. Students tend to obtain greater results when working in a team, so the collaborative learning is one of the best 
methods that can boost the learning process. Nowadays, students spend the majority of their free time surfing on the 
social networks, where they can share ideas and get informed about the facts they are interested in (Spoelstra, van 
Rosmalen, van de Vrie, Obreza, & Sloep, 2013). As future improvements, we want to collect also data from their 
social network accounts and let them login directly with that accounts. The collected data could be used to improve 
the algorithm of grouping based also on their preferences and habits declared in their social network profiles. In 
software, the importance of a good team is a necessary ingredient for the projects’ success (Akgün, Lynn, Keskin, & 
Dogan, 2014), but we consider GrooPro to be useful for other domains, too.
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